Abstract. Two coplanar limited-permeable rectangular cracks in magneto-electro-elastic material are modeled and solved using generalized Almansi's theorem. The mixed boundary value problem is formulated into three pairs of dual integral equations with the help of Fourier transform, in which the unknown functions are the jumps of displacements across the crack-surface. By directly expanding the unknown functions into infinite series form of Jacobi polynomials, the dual integral equations are solved, and the analytical expressions of generalized intensity factors are derived strictly. Based on the generalized intensity factors, the dynamic behaviors of two cracks are estimated under P-wave loads. To show the trends of effects of loading frequency and geometry of cracks on the generalized intensity factors, top finite terms of infinite series are numerically calculated based on the Schmidt method. Numerical results are then drawn graphically. It reveals that the trend of two cracks forming a larger crack by propagating depends strongly on crack geometry and load frequency. This work illuminate the condition inducing different crack propagation patterns, which will benifit the forecast of damage forms of transversely isotropic magneto-electro-elastic material. 
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INTRODUCTIO
Magneto-electro-elastic composites, with its root in the early work of Vansuchtelen [1] , have been widely applied in science and engineering. Layered magneto-electro-elastic composites, as a basic form of various electromagnetic structures, usually manufactured using tape-casting technique and bonding method, achieve a historic high electromagnetic factor. The dynamic mechanical, magnetic and electric loads are inevitable in its service, which make the layered magnetic-electric-elastic components pregnant coplanar cracks or parallel cracks from the interface or other weak position. Furthermore, the initiation of cracks will result in the reduction of electromagnetic conversion efficiency, if not fail prematurely. Therefore, researching on the dynamic fracture behaviors of magneto-electro-elastic composites is very worthwhile [2, 3] . To obtain the reliable service life time and the reliable action of related devices and to prevent failure during service, most of works concerned about the dynamic fracture problems with assumption of transversely isotropic property. Among them, Zhong et al [4, 5] investigated the anti-plane and in-plane dynamic fracture problem, and the influence of various factors on the crack propagation orientation were discussed. Feng et al [6, 7] also made lots of effort on the dynamic fracture of magneto-electro-elastic medium. They discussed four kinds of ideal crack-face assumption, and based on energy release rate, the effect of crack-face assumption on the crack extension was unfolded. As discussed in previous work [7] , the boundary condition on the crack surface was complex in piezoelectric/piezomagnetic composites. The limited-permeable boundary condition first proposed in Hao's work [8] for piezoelectric materials was developed into magneto-electro-elastic composites by Zhong et al [5] and Zhou et al [9] , respectively. Although there are a lot of works focusing on the anti-plane and in-plane problems, it is insufficient to analyzing the fracture behavior in 3-Dimensions. And, it is important to take multi-cracked 3D medium into account. Layered composites were prone to generating multiple cracks in the same layer due to periodical fatigue loads or manufacturing process, so investigating the interaction between coplanar cracks is necessary. During analyzing 3D crack, model of penny, elliptical and rectangular were the most commonly used types, in which rectangular crack model is over safety in the engineering analysis.
With the lack of 3D dynamic analysis of multi-cracked magneto-electro-elastic materials in mind, in this paper, the model of transversely isotropic magneto-electro-elastic materials are established with two coplanar rectangular cracks parallel to the isotropic plane. Here the steady-state effects of the loading frequency on the limited-permeable crack initiating behavior were investigated on. The double-cracked magneto-electro-elastic material problems were formulated to three pairs of dual integral equations through Fourier transform. By solving the dual integral equations with the jumps of displacements as unknown variables, the analytical generalized intensity factors were derived strictly in the forms of infinite series which comes from Jacobi polynomial expansion of the jumps of displacements. In order to reveal some implicit links between mixed boundary conditions and generalized intensity factors, numerical results of generalized intensity factors were depicted and some useful conclusions and laws were explained, including the possibility of two crack converging and the effects of the geometry of cracks and the load frequency on the crack extension. This contribution is available for further analyzing multi-cracked 3D magneto-electro-elastic materials. 
are the mass density, the elastic stiffness constants, the piezoelectric constants, the electric permittivities, the piezomagnetic constants, the electromagnetic constants and the magnetic permeabilities of magneto-electro-elastic medium, respectively.
with respect to time variable and a subscript comma denotes the partial differential to the coordinates ( , , x y z ), where the superscript j ( j =1, 2) denotes the fields in the upper half space 1 ( 0 z  ) and the lower half space 2 ( 0 z  ) as shown in Fig.1 . Considering the load wave propagating along z -axis in form of plane wave,
Substituting Eqs. (2)- (4) 
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can be derived which only depends on the material constants.
LIMITED-PERMEABLE BOUNDARY CONDITIONS
The limited-permeable crack model, developed in Zhong's [10] and Zhou's [9, 11] works, is adopted here. The boundary conditions on crack-surfaces and at infinity for 3D problem are expressed in detail as follows: (1) (2) 0
(1)
(1) 
(1) (2) (1)
(1) [10, 12] , the electric displacement and magnetic induction inside the opening crack are almost constants and dependent on applied magneto-electro-elastic loads, material properties, dielectric permittivity and magnetic permeability of crack interior, which would be certified briefly later. The limited-permeable boundary conditions in Eq.(6) will transform to permeable electric-magnetic boundary condition when 
SOLUTION PROCEDURE
The governing equations (5) need to be simplified by introducing displacement potential functions as discussed in reference [13] . Let 
( , , ) ( , ) ( , ) cos( ) cos( )
It is obviously that the distribution of electric displacement and magnetic flux inside crack is independent on Cartesian coordinates, means, both of the physical field inside cracks are almost constants.
To solve the fracture problem, the jumps of displacement on upper and lower crack surface are defined as follows: (1) where
NUMERICAL RESULTS AND DISCUSSION
Now, the analytical solution for generalized intensity factors have been derived strictly in forms of infinite polynomials, but to demonstrate the response law of cracks to kinds of factors such as loading frequency, numerical results are calculated and depicted for the generalized intensity factors. Considering the commonly used magneto-electro-elastic materials, the material constants of BaTiO 3/CoFe2O4 are adopted in all computations as shown in Table 1 to Table 3 . According to the previous work [15] , to achieve the available numerical solutions through the Schmidt method, only the first several terms in the infinite series should be taken into calculation. Here, the top ten terms are taken in computation, and the numerical results of the generalized intensity factors are graphically shown from Fig. 2 to (I) According to Eqs.(24)-(32), the stress intensity factors, the electric intensity factors and the magnetic flux intensity factors possess of the same changing rule and only different in magnitudes coming from 0 h , 70 h and 80 h , which had been discussed in references [9, 17] . So during the following discussion, the electric displacement intensity factors and the magnetic flux intensity factors would not be elaborated particularly for the simplicity of the article, except the generalized intensity factors show a different variation.
(II) Maintain the circular frequency  satisfying
